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technique because resources are focused only on the target chemical.
In combustion, for example, external resources are needed to oxidize
all organic compounds, while in biodegradation resources go only to
the compounds that can reach the enzyme's catalytic site. In
cometabolism, where external resources are often needed, this fea-
ture is extremely important.

Microbial Diversity

Diversity, nature's counter to specificity, results from evolution,
in which organisms diversify from their progenitors to occupy new
niches. Because of the heterogeneity in nature, there are many niches
and thus a naturally high degree of biodiversity. For bacteria, diver-
sity seems to be exceedingly high; there are likely more than 10,000
species per gram of soil (Torsvik et al., 1990). Fungi also seem to be
very diverse, with an estimated 1.6 million species on earth (Hawksworth,
1991). Most of these organisms have never been isolated, let alone
studied. For example, Sergey's Manual, which describes all known
bacteria, includes only 3000 to 4000 species, and most of these are not
from soil or water (Holt, 1989).

This great diversity is important to bioremediation in two ways.
First, it means some diversity in the mechanisms that confer specific-
ity. For example, a small number of the organisms that degrade
benzoate will also be able to degrade chlorobenzoate or perhaps
dichlorobenzoate, because the active site pocket is slightly modified
in these variants to allow access to the bulkier chlorine group. This
principle seems to be important in the metabolism of polychlorinated
biphenyls (PCBs), since the oxygenase of some toluene- and naphtha-
lene-degrading organisms can attack PCBs (Kuhm et al., 1991). Gen-
erally, the principle applies to structurally similar chemicals or chemicals
subject to the same mechanism of attack. Thus, specificity is not
absolute but usually limits the range of substrates attacked to very
few.

The second reason that diversity is important is that it is thought
to lead to a more robust and stable process because diverse species
are likely to include specialists for assimilating low and high pollut-
ant concentrations; for tolerances for different pHs, metals, and sol-
vents; for different growth rates; and for different resistances to
phage infection or protozoan grazing. For example, among benzene
degraders in a gram of soil, there may be hundreds or even thou-
sands of indigenous strains that may vary in these other important
ecological traits. Original ecological dogma was that more diversity
leads to stability, but current evidence from macroecology suggests